0·25 to 96 hours later, groups of2 to 6 animals were killed. Their livers were fixed in Carnoy's fluid and 5 p. sections were stained by the Feulgen technique. Strips of KodakAR 10 film were applied in the dark and after 30 days in the cold, the slides were developed.
Under oil immersion, interphase and mitotic nuclear labeHing were determined. Thirty to 100 mitoses were scored per animal. Interphase and mitotic labelling and percentage ofmitoses were estimated from the random scanning of over 3000 cells per animal. The details of the methods employed for the estimation of the replication times and patterns are based upon the work of Quasder and Shermanl7 and have been presented elsewherel8. They are summarized as follows:
The generation time and its component parts have been estimated from the waxing and waning of mitotic labeHing with time, following administration of H 3 TDR. Each labelled mitosis is derived from a Iahelied interphase nucleus. The replication time may be found from the interval between two comparably placed points on each of two si:tnilar curves of mitotic labelling. In these studies, the points chosen have been those at the beginning of ascent of each curve. The validity of these estimates requires that the cells of each cycle be derived .from those of the previous cycle and that the Iabelied cells should continue in phase in each division cycle. Where feasible, cell continuity has been demonstrated by recording the decreasing grain counts in successive cycles. This has been donels in the group A. In the other groups, where labelling is too heavy to permit accurate grain counts, estimates have been made ofthe relative percentages of heavily and lightly Iahelied interphase nuclei. The decrease in heavily labelled nuclei and the increase in lightly Iahelied nuclei over stated time intervals indicate that cell division has occurred. This is a cruder estimation than the method of grain counts.
The labelling of prophase, metaphase, anaphase and telophase nuclei has been scored separately. The replication time has been determined as noted above, from the prophase labelling curve. This stage was chosen because of its relative ease of recognition and because the numbers of grains over these nuclei were usually higher than those over other mitotic nuclei.
The several parts of the replication cycle were timed as follows: The time for post-DNA synthesis gap (G2) and mitosis was determined from the time when 50 per cent of all of the mitotic nuclei were labelled. Inasmuch as the orderly time lag of labelling of each succeeding mitotic dass was not sharply defined in Groups B and C, estimates of the respective times for each stage of mitosis were not possible. The time for DNA synthesis was estimated from the interval between the 50 per cent labelling ofthe ascending and descending limbs of the first prophase curve. Finally the post-mitotic gap ( G1) was obtained by subtracting the mean of the times for G2 + mitosis and DNA synthesis from the total replication time. 
RESULTS

Group
Dosefg
(tJ.C) 0·2  24  3  45·8  0·1  48  3  35·7  0·2  72  3  23·8  0·5  96  4  21·7  0·9  2 weeks  3  18·6   -10  2  3  58·2  0·2  24  3  42·4  0·3  48  3  21·8  0·5  72  3  8·8  0·4  96  3  8·7  0·5  2 weeks  3  5·3 -501
24 hours there are 2·2 per cent mitoses and at 48 and 72 hours the figure is Qo4 per cento All labelled cells are replicating in phase, the curves intercepting the abscissa in each cycleo The continuity of the cellline in this group has been demonstrated _ by a significantly decreasing grain count from cycle to cyclelSO These data are represented as the decreasing per cent of interphase nuclei with 41 grains or more (Table 2) o Three cycles of cell division are shown (Figure 1 ) and a fourth may be inferred by a significant decrease in the grain count at 72 hourso
The curve of prophase nuclear labelling rises sharply but the descending limb falls only to 50 per cent at 28 hourso It rises at 32 hours to begin a second cycle (Figure 2 )0 The generation time is estimated at 30·5 hourso
The interval for G2 + mitosis is 4o4 hours and for G 1 is 10°1 hours. Figure 2 . Prophase labeHing after 2 p.c/g, specific activity 0·36 cfmmole; the arrows are used as in Figure 1 About 5·6 per cent of the interphase nuclei are Iabelied and 0·2 per cent of the cells are in mitosis 2 hours after H3TDR. At 24, 48, 72 and 96 hours, the percentages of mitosis are 0·1, 0·2, 0·5 and 0·9 respectivelyo From the prophase labeHing curve, two cycles are recorded (Figure 2) , but from the declining percentages of heavily Iahelied cells it is evident that cell division is continuing ( Table 2 ) o Group C: Ten 11-c/g
The prophase nuclear labelling curve is markedly distorted (Figure 3) . It rises to a high Ievel within 6 hours and then remains at a plateau until 40 hours, when it falls to 64 per cent. At 44 hours it rises again and remains above 70 per cent at 72 and 96 hours.
The estimates of the replication time intervals from this curve are of questionable significance. The generationtime is calculated at 43 hours and the DNA synthesis time as 34 hourso The time for G2 and mitosi$ is about 4o0 hours and that for G1 is 5 hours ( ( Table 2) . No necrotic cells are seen.
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~~~a~~,z~~1~6~2o~~24~.~2a~~32~3*s~4*o~4~4--*4s-7z-s6-Hours after H 3 TDR Figure 3 . :Prophase labeHing after 10 tJ.C/g, specific activity 0·36 cfmmole; the arrows are used as in Figure 1 DISCUSSION The data in Group A (1 tJ.c/g) show that the liver cells in the growing rat fo:.low a distinct pattern of replication. A particular group of Iabelied cells p2.sses through the replication cycle "in phase". The same cohort of cells gces frorn one cycle to the next in an orderly fashion. Four such cycles have bc: en observed. Beyond that nurober the Iabel becomes too dilute to be detectable. The first cycle requires 21·5 hours and the second 20 hours. Theoretically the first and second cycle curves should be identical. However, many cells are probably "lost" in the autoradiograph during the se·:ond c.ycle, because of dilution of the label with "cold" DNA. This would accoun t for the lower peak of the second curve. The regular pa ttern of replication in this group suggests that the radioactive label has not altered this phase of the biological system under study. The decline in mitoses at 48 and 72 hours may be due to radiation.
With increasing amounts of radioactive Iabel, the number of cells delayed in DNA synthesis and failing to enter mitosis during the first cycle increases markedly. Whereas in Group A 100 per cent of the labelled cells enter mitosis, 50 per cent of Group B and only 36 per cent of Group C make this transition. The finding that the times for G2 + mitosis are not markedly prolonged in these groups, indicates that much ofthe widening in the curves of these groups may be due to prolonged DNA synthesis time. In these groups too, the rhythm ofthe replication cycle is so markedly altered that it is difficult to assess the reliability of the estimates of their generation times and ccmponent intervals. Although these are crude data, it is clear from the ct.rves cf the disappearance of heavily Iahelied nuclei that cell division is occurring. However, the markedly broadened curves in Groups Band C suggest that there is much variation in the respective time intervals among the cell population. This is in sharp contrast to the relatively uniform time intervab in Group A. At the higher dose levels (Groups B and C) the numbers of mitoses are reduced markedly at 2 hours after H3TDR and remain low. The Ievels of interphase labeHing are essentially unchanged from Group A. The previously published16 low Ievels ofinterphase nuclear labeHing at 2 fJ.C/g H3TDR werein error. The arrest of many cells in DNA synthesis, coupled with the reduction in mitosis, would explain in large part the development of polyploidy, previously reportedl6 after 2 fJ.C/g. Unpublished studies in this laboratory have confirmed these earlier observations and have shown similar ploidy effects with 10 [J.Cjg. It is ofinterest to note the many heavily Iabelied interphase nuclei which persist 2 weeks after labelling, inGroupsBand C ( Table 2) .
The effects of H3TDR upon ploidy, DNA synthesis, mitosis and cell replication are similar to those reported for gamma and X-radiationl2, 13, 21-24. The present data support earlier studies which focused attention upon the DNA as the site of radiation injuryl2. It is likely that many biochemical systems are altered20, and that these changes are manifested in the behaviour of cells as found in this and other reports. One likely effect is to increase the variation of the several time intervals of replication within the cell population. This is characteristic of the replicating hepatoma cell population19. Indeed, the prolonged interval in DNA synthesis in Groups B and C might facilitate the development of mutations which eventually might produce tumours14. The long term sequelae to these different dosage Ievels have not been studied, nor have the effects in· organ systems, other than the liver, been investigated.
It is noteworthy that the present studies were performed in a relatively radiation-resistant cellline, in which no evidence of cell death was observed. It is suggested that in such a biological system, the effects, at different dosage Ievels, may be separated out more readily than in an experimental design where greater radiation-sensitivity is operative.
The data add to the already abundant evidence that the labe! dose of H 3 TDR may alter the biological system under investigation. They indicate a Iimitation in the use of this valuable tool. Finally it is suggested that the measurement ofthe replication time isa useful technique in studying the biological effects of radiation.
The possible effect of an increase in the thymidine pool has not been excluded in the Groups B and C. Based upon calculations derived from Lajtha's estimates in the mouse25, the body thymidine pool is expanded by about 2·5 per cent at the 1 rr-c/g dose and by about 25 per cent at the 10 fJ.C/g dose. Experiments are in progress with a high specific activity H3TDR to rule out pool dilution as a factor responsible for the effects observed.
SUMMARY
Studies have been made of the effects of different dosage Ievels of H3TDR, as a DNA label, upon the replication pattern and time of liver cells in the growing rat. The dose-dependent effects are (i) disruption of the regular, evenly-spaced replication cycles, (ii) lengthening of the generation time and of the DNA synthesis time, (iii) increased variation of the respective time intervals of the replication cycle of the celJs of the population, (iv) marked delay in the transition of many cells through DNA synthesis and ( v:1 reduction in the nurober of cells in mitosis. The last two effects contribute to the previously reported radiation-induced polyploidy. All of these eFects are similar to those previously reported to follow gamma and X-radiation. No cell necrosis has been observed. The measurement of the replication time offers a useful technique in the study of the biological ef'ects of radiation.
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